Evaluating the Corrosion Behaviors of Pipe Component Materials Used in Commercial Refrigeration Systems by Herren, Benjamin
Boise State University
ScholarWorks
College of Engineering Presentations 2016 Undergraduate Research and ScholarshipConference
4-18-2016
Evaluating the Corrosion Behaviors of Pipe
Component Materials Used in Commercial
Refrigeration Systems
Benjamin Herren
Mystery of The Bearded Man 
We explored the processing of several dye 
precursors accessible to Graeco-Egyptians of 
antiquity (kermes, lichen, indigo, and the madder 
and alkanet roots - which can all be color-shifted 
to purple by a variety of metal and alkali salts) in 
order to characterize the production of the 
purple used in “The Bearded Man.” Pigments 
produced experimentally were compared with a 
sample from “The Bearded Man” in order to 
better correlate the processing materials and 
methods available in ancient Graeco-Roman 
Egypt. 
 
 
Organic Dye Origins and Methodology 
Madder (Rubia tinctorium) is a perennial plant 
with roots that yield a warm-colored dye 
(anthraquinone) which can be shifted from 
yellow to deep red by an alkali substance. 
Using an iron mordant, it is possible to create 
a purple color; evidence also suggests that 
the addition of Egyptian Blue pigment 
(calcium copper silicate) creates a purple hue.  
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Background Information 
Color (visible light) is everywhere in the 
natural world and thus has long been used 
to communicate important ideas. Over time, 
associations between characteristic colors 
and specific meanings became rooted in 
cultural significance. Ancient funerary 
portraits from Graeco-Roman Egypt painted 
in the encaustic style often indicated the 
deceased individual’s socioeconomic status 
through depicted adornments and clothing.  
For example, purple clavi - such as the 
c l a v u s i n  “ 3 2 . 6  T h e B e a r d e d 
Man” (indicated) - used their color to 
distinguish higher social castes from the 
common population. Traditionally, high-
quality purple dye was painstakingly 
extracted from the Murex sea snail; 
however, this expensive colorant’s use 
primarily as a dye rather than as a pigment 
motivated the development of less costly 
organic dyes for lake pigment production.  
These alternative dyes and pigments 
provided a rich landscape of opportunity for 
artistic production in Graeco-Roman Egypt 
at that time, and they make more complex 
today’s considerations of such colors and 
their implications. 
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Alkanet (Alkanna tinctoria) is a Mediterranean 
plant with roots that yield a vibrant red dye 
(naphthoquinone derivative, alkannin) similar 
to madder. Both exhibit color shifts with alkali 
material addition and fluoresce upon UV light 
exposure. However, alkannin can shift to a 
true purple and is insoluble in water but 
soluble in alcohols or oils. As such, alkanet 
root can be steeped directly into molten wax 
to produce a blood-red encaustic paint. 
 
Kermes (Kermes vermilio) is a scaled insect 
that produces a red dye known as carminic 
acid (glucosidal hydroxyanthrapurin).  Though 
it is more laborious to collect than root dyes, 
kermes can be boiled in water to produce a 
red dye more vibrant than madder. Alkali 
solutions can shift the dye from red to purple, 
but this range of color is not as wide for 
kermes as it is for cochineal.  
Results 
 
 
Discussion 
The artifact pigment particle had contained certain 
elements and fluoresced under ultraviolet light.  
Several raw material dyes were color-shifted to 
purple, but not all of them fluoresced in a readily 
detectable manner upon UV light exposure.  A lack 
of bromine eliminated Murex as a possible dye 
precursor, while a lack of nitrogen did the same for 
lichen and indigo base dyes.  Organic root dyes – 
mainly Madder and Alkanet – have mimicked the 
artifact particle most closely when analyzed for 
absorption and fluorescence behaviors.  Current 
data show root dye precursors to be promising 
candidates for this study in reverse engineering.  
Further studies into the effects of dye color-
shifting, lake pigment production, and wax binder 
incorporation are necessary to challenge and/or 
refine these connections. 
Future Work 
•  Continue color-shifting the dye solutions using 
alkaline and metal salts 
•  Create lake pigments from the dye solutions 
using a mordant, such as Alum 
•  Obtain further spectral characterization (i.e. 
Raman and Fluorescence) of dye solutions and 
final pigments 
•  Add final pigments to a wax binder 
Color Shifts 
Base Dye 
Materials 
Lake Pigment Processing 
The pigment particle 
from “32.6 The 
Bearded Man, “ which 
contains  C, O, Na, 
Mg, Al, Si, P, S, Pb, 
K, Ca, Cl, Cr, and Fe 
at various locations.  
The portrait’s clavus 
also fluoresced pink 
under UV light 
The precipitate is  
filtered, washed, 
dried, and powdered 
to create a pigment 
that can then be 
added to an oil or 
wax binder. 
Balanced additions of 
alkali and alum 
solutions create 
insoluble precipitates 
that absorb the 
desired color. 
Dyes are extracted by 
a simple boiling and 
steeping method. 
Colors are then 
shifted by the addition 
of metal salts and/or 
alkali solutions. 
Both madder (left) and 
alkanet (right) dye 
solutions exhibit 
heightened fluorescence 
properties when alum is 
added. 
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